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In this paper, we present a hybrid bistable optical device based on acoustooptic TE-TM mode 
conversion in an optical waveguide made of sputtered Ta20,  on ;I glass substrate. The essential 
nonlinear transmission is provided by acoustic resonances. Bistability and optical limiting have 
been observed with less than 5 mW of acoustic power. A minimum value of 50 for the 
acoustooptic figure of merit (M, .  relative to fused silica) of Ta20,  is estimated from the results. 
On presente ici I'etude d'un SOB hybride utilisant une conversion de mode TE-TM par 
interactions acousto-optiques dans un guide optique birefringent de TazO, depose sur un substrat 
de verre. La non-linearite de la transmission, essentielle pour ces systemes, est causee par des 
resonances acoustiques. On aobserve des phenomtnes de bistabilite et de limitation optique avec 
moins de 5 mW de puissance acoustique. Le facteur de merite acousto-optique ( M , ,  compare a 
silice fondue) du Ta20,, estime a partir des resultats obtenus. est d'au moins 50. 
Can. J .  Phys. ,  59. 1251 (1981) [Traduit par le journal] 
Introduction applied in the form of a bulk stationary acoustic 
~~~~~~~~~d versions of hybrid bistable optical wave in the substrate with a maximum located at its 
devices (BOD) have been developed in recent top sulfate, in the guiding layer. Due to the 
years (1-3) and some useful applications are begin- photo-elastic effect this strain induces a change in 
ning to appear (4, 5). ~ o s t  of these devices use the index ellipsoid of the waveguide. This change 
optical waveguides made with an electrooptic sub- acts as aperturbation of the polarization State of the 
strate to allow phase modulation of guided modes. incident mode and causes couPling to the ortho- 
In the work presented here, an acoustooptic gonal mode of the same order, ~rovided  that they 
(AO) TE-TM mode conversion i n  a birefringent are phase matched. Phase matching is obtained by 
waveguide is used to modulate the output of the accurate control of the thickness of the guiding 
device. With this technique, there is no need for layer (7). For the waveguide used in this e x ~ e r i -  
special materials in the fabrication of the wave- ment, the coherence length (7) was estimated to be 
guide. Thus its characteristics can be optimized for than 1 mm. 
purposes other than modulation. Of course, good The (time averaged) conversion efficiency (for 
A 0  materials should be used to reduce power small values) is given by (8): 
consumption. The feedback consists of a voltage, 4M2P,1 ,, 
proportional to the (converted) output intensity, q =  sin2 ($1 
applied to a voltage-controlled oscillator (VCO) 
used to drive the acoustic transducer. The nonlin- we can then obtain a minimum value of the A~ 
ear variation of the output in terms of this external figure of merit (M, for shear waves) for Ta 0 by 2 5 feedback Parameter is caused by the acoustic measuring q for various values of the acoustic 
resonance of the waveguide substrate as the driving power P, and by using an estimated maximum 
frequency is varied. The nonlinearity is then inde- value of the coherence length 1, since the other 
pendent the 'ptical system as "ggested by parameters, the light wavelength in vacuum h (633 Garmire et al. (6). nm) the acoustic wavefront area S, and the interac- 
The usefulness of Ta,05 (the guiding layer) for tion length L ,  are known. 
A 0  interactions is evaluated by a measure of the 
figure of merit M,. Experimental Set-up 
A 0  Mode Conversion The experimental set-up is shown in Fig. 1. The 
T~ generate mode conversion, a shear strain is shear acoustic wave transducer is a 5 x 6 mm X-cut, 41" LiNbO, crvstal with a 1 x 4 mm ( L  = 4 mm) 
2 2 
'Now with Centre de Recherches pour la Defense B Val- electrode and operating at a fundamental frequency 
cartier, Division Electro-Optique, C.P. 880, Courcelette, MHz. It is driven by a SN74S124 VCO. 
(Que.), Canada GOA IRO. This VCO is controlled by two voltages, V, and V,, 
0008-420418 1/09 125 1-03$01 .OO/O 
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FIG. 1. Experimental set-up. 
Vc  is used to scan the frequency while VI  changes 
the origin and the slope of this scan. However, the 
maximum frequency does not change with Vr .  
The output of the VCO is amplified to 500 mW 
using a Mini-Circuits broadband amplifier (model 
ZHL-1 A). The signal is then sent to the transducer 
through a tuning inductance. 
Detection is provided by a PIN photodiode 
connected to a Princeton Applied Research lock-in 
amplifier (model HR-8). Its reference is provided 
by a square-wave generator connected to the 
"enable" input of the VCO to chop the signal. The 
feedback loop is closed by using the output of the 
lock-in as the scanning voltage Vc.  
The optical waveguide is made of a Ta205 thin 
film deposited on a glass substrate (Corning 7059) 
by reactive DC sputtering of tantalum in an 0,-N, 
gas mixture (8, 9). A thin overlayer of polycyano- 
acrylate is used as the acous.tic bond between the 
transducer and the waveguide. 
Results 
In Fig. 2, we show the mode converter output 
signal as a function of the acoustic frequency. The 
central peak is due to an acoustic mode of reson- 
ance of the substrate, the transducer's resonance 
being much wider than that. The peak is used as the 
nonlinear transmission (conversion) in terms of the 
feedback parameter Vc .  The operating point (2), 
FIG. 2. Power conversion versus feedback voltage V,. The 
corresponding VCO output frequency is also indicated. 
that is the relative position of the peak and the 
origin of coordinates (V? = 0), is adjusted by 
varying Vr .  
The resultant bistability curves are shown in Fig. 
3.  For the best results obtained, at Vr = 3.15 V, the 
upper and lower levels of the bistable zone are quite 
parallel. That characteristic would reduce the ef- 
fect of input noise on the stability of the two output 
levels. It was verified that the optical limiting 
observed in the upper level is not due to a satura- 
tion of the detection system. It is also worthy to 
note that we can adjust the value of input power 
necessary to switch the device by varying V I .  
Similar results were obtained for both TE, + TM, 
and TM, + TEo conversion. 
We show in Fig. 4 the measured values of q ,  as a 
function of the electrical power P, incident on the 
transducer, with the help of the matched coaxial 
attenuators shown in Fig. 1. With a coupling loss of 
20 dB between electric and acoustic power and an 
estimated higher limit of 1 mm for the coherence 
Frc. 3. Resultant bistable curves obtained for different 
operating points: output intensity ( I , )  versus input intensity ( I , ) .  
IO')T TMO - TE, 
FIG. 4. Power conversion efficiency versus incident electrical 
power on the transducer. 
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length, we calculated a lower limit of M ,  = 50 
(relative to fused silica). This confirms the high 
value of M ,  obtained by Hamilton and Wille (10). 
Conclusions 
The results presented here for a thin film hybrid 
BOD based on A 0  mode conversion show some 
interesting features. The shape of the bistable 
curve can be easily adjusted, to accomodate low 
switching power for example. The total system, 
including electronics, can be made quite small and 
even portable because coherent detection could be 
unnecessary with a slightly more efficient modu- 
lator. Finally, this type of system could be used 
with almost any kind of waveguiding structure 
since A 0  modulation does not require special ma- 
terials. 
At this stage, however, a major dficulty remains. 
We observed a slow temporal variation of the 
bistable curves, probably due to a drift of the 
operating point. Also, this device cannot be used as 
a baseband modulator because of the need for an 
acoustic carrier. Moreover, the speed of operation 
as a switch is limited by the frequency of this 
carrier. 
In spite of all this, we believe that bistable 
operation with this kind of system could be useful 
for certain applications such as on-line switching of 
fiber optics signals if an integrated polarizer is 
provided (1 1). 
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